Sophistication in the design and execution of population studies has increased remarkably in the past few years. Two studies, one in the United States (Needleman et al. 1979) and one in Germany (Winneke et al. 1981) , have addressed the above mentioned design issues. Both studies found psychological deficits associated with 'asymptomatic' low dose exposure to lead. Both studies employed lead levels in deciduous teeth to classify exposure or internal dose. Dental tissue offers the advantage of being a fixed storage site for lead and can indicate exposure reliably years after it has ceased. The American study employed an unbiased sample with respect to lead exposure and classroom performance (N = 158 children), controlled for 39 non-lead covariates, and found statistically significant differences on the WISC-R IQ scales, auditory and speech processing, and attentional performance. Teachers' rating scales showed an increase in maladaptive classroom behaviour that was dose related and did not appear to have a threshold.
Three questions have been repeatedly asked about this investigation. Because they extend to other studies in the field as well, they merit close examination. The difference in mean full scale IQ scores, while significant at the P = 003 level, is only 4 points. Is this difference biologically significant? Does it not lose significance when compared with the conventional standard deviation of 15 points on the WISC-R? Secondly, since the incidence of pica was 30% in the high lead group and 11 % in the low lead group, is not pica a marker for pre-existent behavioural deviation, and is lead level an effect rather than a cause of deficit? Finally, since some factor must have been at work to account for the lead burdens in the two groups, could this unknown, perhaps constitutional, factor not be the true determinant of behavioural outcome?
A four-point span between the means of two samples of N = 100 and N = 5% has a considerably greater consequence than a difference of similar magnitude between two individuals. In this study, as in others, when the mean of the distribution is shifted four points to the left, the proportion of children scoring in the deficient range-i.e. 80 or below-is increased threefold. Statistical tests take account of the standard deviation of the variable and thus reflect biological as well as statistical significance in this regard. The basis of most tests (/-test, F ratio) is the ratio between the observed difference between groups and the estimated standard error of the population mean or the within-group variance.
In the American study stratification on pica showed that it was not related to teachers' ratings, while dentine lead was (Needleman & Bellinger, 1981) . The final question asks whether different lead burdens do not derive from some important but unspecified a priori difference between high and low lead subjects. A large sample of children living in the same area will not all have the same body lead burden, but may be expected to display a probability distribution of this variable. This distribution may be normal, log-normal or take some other shape. The distribution in levels may be due to microenvironmental factors, nutritional factors or, indeed, constitutional differences such as differential rates of absorption, excretion, or sequestration of lead. Each individual's burden will be a weighted sum of these and other unmeasured factors. There is no a priori reason to believe that this sum is correlated with intelligence or behaviour. On the contrary, if the measured variables known to segregate with lead burden -for example, geographical residence, race and socio-economic status -are controlled, it is highly unlikely that any concatenation of remaining microenvironmental, nutritional and constitutional variables would be correlated with both residual lead burden and psychological outcome. This is, of course, subject to revision. Further investigation may yet reveal an unnamed factor which is highly correlated with lead and affects brain function. Until this unlikely event materializes, however, it is not necessary to posit unnamed ghosts in the epidemiological machinery. Occam's razor has served science in the past and works well here. Given the epidemiological studies which show a lead effect, and data from animal studies which support them, it should not be necessary to multiply causes. This seems particularly true if the causes have not been identified or measured.
When the limit to which epidemiological studies can be taken has been reached, animal models are employed to achieve control of variables and to look for underlying mechanisms. Here lead can be manipulated as an independent variable, the number of confounders reduced and brought under better control. Impaired learning at low doses of lead has been demonstrated in the rodent (Petit (Bull et al. 1979 ) and delayed synaptogenesis (Averill & Needleman, 1980) are among the changes reported to accompany administration of lead at low dose.
Obviously, conclusions from animal models cannot be applied to the human situation without some slippage, and human population studies can never achieve complete control of all variables. In the study of lead, the two disciplines work well in each other's lacunae, and each answers questions about lead's properties that the other cannot.
Many useful and intriguing questions about lead remain to be studied. Lead produces changes in the heme pathway similar in some ways to those found in acute intermittent porphyria (Moore & Graham, 1980) . Are the behavioural features of lead and porphyria related then to the same heme products? Lead crosses the placenta. The effects of lead exposure during pregnancy on reproductive function, on birth outcome and on offspring development are vital areas for further study. At the other developmental extreme, the effects of lead on the ageing process deserve investigation. Lead is sequestered in bone, and is generally metabolically inactive. In the later decades of life, bone demineralizes and lead becomes available to soft tissue and the brain. Are some of the changes in mentation that accompany ageing, and are assumed to be inevitable, related to this phenomenon?
A final question remains. Why, given an impressive quantity of data from both population studies and animal experiments which lead to a strong set of inferences about the toxicity of lead at low dose, has action to remove lead from the human environment been so halting? If regulatory agencies wait until the case is proven with mathematical certainty, millions of children will have paid the price of avoidable exposure. Physicians, and particularly psychiatrists, in the daily pursuit of their vocations, regularly make strong judgements, and take stern actions in the face of less than complete data bases. While studies should proceed on the actions of lead, effective abatement should move forward with pace.
